Here we use GC analysis and taxonomic profiling to compare the representation of key taxa with differing average GC content within a fosmid library of 100 clones to 326,310 metagenomic sequences from 454 pyrosequencing of the same water sample.
can be extremely useful, caution must be used when directly inferring community composition from metagenomic fosmid libraries.
The majority of microbes are uncultivated but culture-independent methods have provided clear insights into in natural assemblages. The use of fosmids to propagate large (~40 Kb) genomic inserts with a high degree of fidelity 1 has enabled contextual analysis of genes and their genomic neighbourhood; this has led to identification of particular metabolic pathways, such RNA helicase in Archaea 2 , and the discovery of bacteriorhodopsin in marine bacteria 3 . Fosmid libraries have also given insight into the genomic variation within and between mixed marine microbial assemblages in relation to water depth 4, 5 and symbiosis in marine invertebrates [6] [7] [8] . However, several studies have indicated that fosmid clone DNA libraries are not fully consistent with other assessments natural microbial communities, with poor representation of key members such as SAR11 4, 5, 9 and high dominance of Roseobacter spp. 10, 11 . In contrast to an estimated 25% abundance of SAR11 in marine microbial communities from plasmid libraries 12 , Gilbert and colleagues 9 isolated only a single clone containing a 16S rRNA gene with homology to the SAR11 clade from a marine surface water fosmid library of 10,000 clones. Interestingly, this clone consisted largely of the 48-Kb hypervariable region neighbouring the 16S rRNA gene, with a richer GC content than the GC-poor SAR11 core genome. Roseobacter spp. and other high-GC taxa seemed to suffer no such underrepresentation.
Here we use GC analysis and taxonomic profiling to compare the representation of key taxa with differing average GC content within a fosmid library of 100 clones to 326,310 metagenomic sequences from 454 pyrosequencing of the same water sample.
Sequences were compared to fully sequenced genomes of nineteen key taxa using the BLASTN algorithm, with hits with an E-value < 1x10 -5 considered significant. As each fosmid clone contained a fragment from a single bacterial cell, the fosmid library contained a maximum of 100 different taxa, whereas the pyrosequenced sample had no such limit. To account for this, 100 sequences were randomly selected from the pyrosequenced data and compared against the key taxa. This was performed 1000 times and an average abundance for each taxa was measured. To avoid bias of repetition of possible GC-rich or GC-poor sequences within the fosmid data, all fosmid analyses were performed on assembled contiguous DNA fragments (contigs). 10.7% of sequences in pyrosequenced data were significantly similar to "Candidatus Pelagibacter ubique" HTCC1062, compared to no hits in the fosmid data. All 1000 replicates of pyrosequenced data contained at least two hits to "Cand. P. ubique", thus confirming the ubiquity of this SAR11 strain and, as in other studies, that it is underrepresentation in fosmid libraries. Similarly, sequences similar to Flavobacteriaceae sp. were also absent from the fosmid data but comprised ~1.5% of pyrosequenced data. Conversely, only 1.0% of sequences in pyrosequenced data were significantly similar to Roseobacter denitrificans OCh114, compared to 48.6% of sequences in fosmid data.
Relative abundances of each of the key taxa were plotted with their average GC content ( Figure 1 ). The average GC content for each dataset was also calculated alongside sequences derived from plasmid libraries from the Global Ocean Sampling Expedition (GOS) from the Bay of Fundy (45°6'42" N, 64°58'48" W), and Brown Bank, Gulf of Maine (42°51'10" N, 66°13'2" W) 13 , sites from similar habitats to the Bergen sampling site in the current study. As a comparison, the average GC content for fosmid libraries from the oligotrophic Pacific Ocean station ALOHA (22°45' N, 158°W), Hawaii at depths from 10m-4000m 5 were also calculated as to date, the Bergen dataset is the only large randomly sequenced fosmid library for coastal waters. Average GC content for pyrosequenced data (37.8%) was similar to that of GOS Bay of Fundy to detect distant similarities as low as 65% identity. At 65% identity, ~15% of pyrosequenced sequences recruited to "Cand. P. ubique" HTCC1062, compared to <3%
of sequences from the fosmid library, confirming the dominance of this species in coastal waters and its poor representation in fosmid datasets. The high degree of genetic conservation in HTCC1062, brought about through genomic streamlining 12 , can be seen as a band of high recruitment at >90% identity across the whole genome, interspersed with gaps of little or no recruitment which correspond to regions of hypervariability found in previous studies 9,13,14 ( Figure 3 ).
Similar recruitment (12.6% vs. 2.8%) was observed against "Cand. P. ubique" HTCC7211 but at lower percentage identity than against HTCC1062 indicating that these two coastal and open-ocean SAR11 strains are similar but also have niche specific genetic differences. Interestingly, HTCC7211 fragment recruitment plots revealed several putative regions of hypervariability within the genome (~4 kb at 487k; ~16.5 kb at 740k; ~29.5 kb at 801.5k; ~15.6k at 969.4k~10 kb at 1073.4k; ~14 kb at 1337k)
suggesting that such regions may be common within the SAR11 clade. ~21.5% of fosmid sequences recruited to R. denitrificans OCh114, compared to 4.3% of hits for pyrosequenced data, but at lower percent identity than SAR11, suggesting a lower genetic conservation within this taxon. Synechococcus sp. recruited fewer sequences than expected in the pyrosequenced data (0.8%) in light of its global ubiquitous distribution 15 and its recruitment in the fosmid data (3.6%), most likely due to the low coverage of the pyrosequenced metagenome, estimated at ~0.0002% using a calculated effective genome size 16 Relative Abundance (%)   0  1  2  3  4  5  6  7  8  9  10  11  23  24  25  26  27  28  29  30 GC Content (%) Sequences from pyrosequenced and fosmid data were aligned against the reference genomes using BLASTN with parameters designed to detect distant homologs as low as 65% identity. "Cand. P. ubique" HTCC7211 is included as an open-ocean strain of the SAR11 clade.
